ABSTRACT. Variety in histochemical characteristics of the olfactory receptor cells (ORC) was examined by immunohistochemistry for protein gene product 9.5 (PGP9.5) and calretinin, and by lectin histochemistry with Phaseolus vulgaris leucoagglutinin (PHA-L) in the olfactory epithelium (OE) of the barfin flounder (Verasper moseri). PGP 9.5 immunoreactivity was observed in the ORC situated in the upper three fourths of the OE. Calretinin immunoreactivity was observed in the ORC which seemed to be immunonegative for PGP 9.5. These cells were located in the upper two thirds of the OE. PHA-L staining was observed in small subsets of the ORC. PGP 9.5 and calretinin immunoreactivities and PHA-L staining were also observed in the crypt cells unique to the fish OE. These findings suggest the d ifferent properties of olfactory perception among fish ORC. KEY WORDS: calretinin, olfactory epithelium, protein gene product 9.5.
Olfactory system is known to affect the survival of animals through announcement of the location of the food and the predator, stimulation of reproductive behaviors and alteration of the hormonal conditions in animals [4, 24] . In the nasal cavity of the most tetrapod, the olfactory task is performed with anatomically separated two olfactory organs, the olfactory epithelium (OE) perceiving the ordinary odorants, and the vomeronasal epithelium (VE) detecting species-specific odorants called pheromones [5] . Since these two olfactory organs appear first in urodele in phylogeny, fish is equipped only with the OE as an olfactory organ in the olfactory pit [7] . On the other hand, since putative pheromones are identified in some fish species [20, 21] , the olfaction is also important for not only the feeding but also the reproductive behaviors of fish [6, 25] . In fish, the mechanism of olfactory processing by the single olfactory organ remains unclear, because histochemical characteristics of fish OE are still under obscurity. Fish OE consists of the supporting cells (SC), the olfactory receptor cells (ORC), the basal cells (BC), and the crypt cells (CC) which are unique olfactory neurons in fish [10] . In the present study, therefore, histochemical characteristics of these olfactory epithelial cells were examined by immunohistochemistry using the excellent markers for the OE of mammals, i.e., protein gene product 9.5 (PGP 9.5) and calretinin [1, 22] , and by lectin histochemistry with Phaseolus vulgaris leucoagglutinin (PHA-L) in the barfin flounder, Verasper moseri.
The barfin flounder appears to be one of a suitable candidate to study the fish olfaction, because it belongs to macrosmatic fish and is cultivated in a local research institute to be convenient to obtain.
Three adult barfin flounders of both sexes, about 2 to 3 years of age, were obtained from Iwate Fisheries Technology Center, Kamaishi, Japan, as materials. The materials were fixed in 4% paraformaldehyde in 0.1 M phosphate buffer (PB, pH 7.4) overnight at 4°C. The nose was dissected out, immersed in 30% sucrose in 0.1 M PB for cryoprotection at 4°C, embedded in Tissue Tek (Sakura, Tokyo, Japan), and cut at 5 µm on a cryostat (Leica, CM1850, Wetzlar, Germany). Endogenous peroxidase of the sections was eliminated by incubation in methanol containing 0.3% H 2 O 2 at room temperature (RT) for 20 min. After washing with phosphate-buffered saline (PBS, pH 7.4), the sections were incubated with normal donkey serum (1:50) at RT for 30 min to block non-specific reaction. The sections were then incubated at 4°C overnight with rabbit polyclonal antibody against PGP 9.5 (1:3,000; RA15101, UltraClone, Wight, U.K.) or goat polyclonal antibody against calretinin (1:4,000; AB1550, Chemicon International, Temecula, U.S.A.) or biotinylated lectin PHA-L (1:1,000; B-1115, Vector, Burlingame, U.S.A.). After washing with PBS, sections applied with anti PGP 9.5 or calretinin antibody were incubated with biotinylated secondary antibody (1:500) at RT for 30 min. This procedure was bypassed in sections applied with PHA-L. After washing with PBS, all the sections were incubated with the Vectastain ABC reagent (Vector, Burlingame, U.S.A.) at RT for 30 min. Finally, the sections were colorized with 0.05 M Tris-HCl (pH 7.6) containing 0.01% 3-3' diaminobenzidine tetrahydrochloride and 0.003% H 2 O 2 at RT for 15 min. Control stainings were performed by the use of PBS to replace either the antibodies, PHA-L or the ABC reagent. No specific stainings were observed in these control stainings.
In fish, the OE covers the olfactory lamella (OL) projecting from the bottom of the olfactory pit and the interlamellar region on the bottom of the olfactory pit. PGP 9.5 immunoreactivity was observed widely in the OE (Fig. 1a) , and localized in the ORC situated in the upper three fourths of the OE (Fig. 1d) . These neurons showed intense immunoreactivity in their somata and dendrites. The CC were unique egg-shaped neurons distributed sparsely in the upper one third of the OE, and also showed intense immunoreactivity for PGP 9.5 in their cytoplasm (Fig. 1g) . Calretinin immunoreactivity was also observed widely in the OE as in PGP 9.5 immunoreactivity (Fig. 1b) . The localization of calretinin immunoreactivity in the OE, however, was different from that of PGP 9.5. Calretinin immunoreactivity was restricted to the ORC situated in the upper two thirds of the OE (Fig. 1e) . These neurons showed intense immunoreactivity for calretinin in their somata and dendrites. The cytoplasm of the CC also showed intense immunoreactivity for calretinin (Fig. 1h) . Staining pattern of PHA-L was different from the immunoreactivity for PGP 9.5 or calretinin in the OE, and only the small number of neurons were stained intensely by PHA-L (Fig. 1c) . Their somata were situated in the upper half of the OE and equipped with thick dendrites. In addition, the cells situated just above the basement membrane of the OE were stained moderately by this lectin (Fig.  1f) . They appeared to be the BC and/or the undifferentiated ORC according to their location in the OE. PHA-L also stained the apical half of the CC intensely (Fig. 1i ). In contrast to the ORC and BC, the SC showed no immunoreactivity for PGP 9.5 or calretinin and no staining by PHA-L.
Localization patterns of PGP 9.5 and calretinin, and staining pattern of PHA-L in the OE of the barfin flounder were demonstrated in the present study. PGP 9.5 is a protein of the ubiquitin hydrolase family and is expressed massively in mature and immature ORC in mammals [13, 22] . On the other hand, the present study revealed that its immunoreactivity is restricted to the ORC situated in a relatively basal part of the OE in the barfin flounder. There is a possibility that some subtypes of PGP 9.5 exist in fish and each of ORC belongs to one of the subtypes depending on histochemical properties, because similar situation is also reported for olfactory marker protein in an amphibian, Xenopus laevis [15] . In the present results, the characteristics of odorant perception in PGP 9.5 immunoreactive ORC may be different from immunonegative ORC situated in a relatively upper part of the OE. Calretinin is a member of calciumbinding proteins and modulates the excitation of the neurons, and seems to affect the perception of certain kinds of odorants [2] . Interestingly, in the lamprey, heterogeneous immunoreactivity for calretinin was reported in the level of glomeruli of the olfactory bulb [14] . Because the glomeruli are the regions where the axons of the ORC terminate and make synapses with proper neurons of the olfactory bulb and represent the functional units of olfactory discrimination [19] , heterogeneous immunoreactivity for calretinin in the lamprey glomeruli may suggest the presence of variation in the function of glomeruli and/or ORC in phylogenetically lower animals. In the barfin flounder, therefore, calretinin immunoreactivity in the ORC situated in a relatively apical part of the OE may reflect the different properties of odorant perception from PGP 9.5 immunoreactive ORC. Fish ORC consist of ciliated and microvillous neurons, and each kind of neurons is strongly supposed to differ in the property of odorant perception from each other by histochemical and electrophysiological studies [2, 9, 12, 18] . In the OE of the barfin flounder, both ciliated and microvillous neurons were identified by electron microscopy (unpublished data). It is possible that histochemical separations of the ORC revealed by PGP 9.5 and calretinin immunoreactivity result from the segregated distribution of ciliated and microvillous neurons in the OE of the barfin flounder. Furthermore, PHA-L revealed small subsets of the ORC in the present study. The subsets comprised of the cells with thick dendrites in the upper half of the OE and the cells situated just above the basement membrane of the OE. The latter seems to be the BC and/or the undifferentiated ORC. Lectins are sugar binding proteins of non-immune origin [8] , and some of them including PHA-L are known to demonstrate the projection of axons from the OE to the olfactory bulb [16, 17, 23] . Therefore, the result of PHA-L staining in the present study indicates that the ORC of the barfin flounder could be divided into several small subsets by lectin histochemistry. The combination of the present results with further examination on the olfactory bulb may more clearly demonstrate the specific olfactory projection in the barfin flounder.
The antibodies for PGP 9.5 and calretinin and a lectin PHA-L also bound to the CC, unique olfactory neurons in actinopterygian fish [11] . The CC are supposed to play an important role in the regeneration of the OE, because TrkA, which is one of the receptors for the nerve growth factor, is reported to be localized in the CC of zebrafish [3] . However, the property of the CC in olfactory perception still remains unclear. The result of the present study implies that the CC can perceive the wider range of the odorants than the ORC, because these antibodies and PHA-L seem to represent the subsets with different properties of olfaction, respectively, and they in common bound to the CC. Further examination is necessary to clarify the details of odorant perception in the CC.
